Background: In a previous study, the authors demonstrated that treatment with expanded adipose-derived stem cells or stromal vascular fraction (SVF)-enriched fat modify the pattern of the dermis in human beings, representing a skin rejuvenation effect. Considering that expanded stem cells require a cell factor, the authors wanted to assess similar results by replacing them with platelet-rich plasma (PRP), which is easier to obtain and for which an empirical regenerative effect has been already described. Objectives: To determine if PRP injection could replace the cutaneous regenerative effect of adipose-derived stem cells. Methods: This study was performed in 13 patients who were candidates for facelift. The patients underwent sampling of fat by liposuction from the abdomen and submitted to one of three protocols: injection of SVF-enriched fat or expanded adipose-derived stem cells or fat plus PRP in the preauricular areas. Fragments of skin were removed before and 3 months after treatment and analyzed by optical and electron microscopy. Results: The use of fat plus PRP led to the presence of more pronounced inflammatory infiltrates and a greater vascular reactivity, increasing in vascular permeability and a certain reactivity of the nervous component. The addition of PRP did not improve the regenerative effect. Conclusion: The use of PRP did not have significant advantages in skin rejuvenation over the use of expanded adipose-derived stem cells or SVF-enriched fat. The effect of increased vascular reactivity may be useful in pathological situations in which an intense angiogenesis is desirable, such as tissular ischemia.
3-dimensional tissue constructs has formed the basis of regenerative medicine. The mechanism that transforms undifferentiated cells into the differentiated cells ultimately forms the specialized tissues that are required for reconstruction, repair, and restoration, including the role of the surrounding environment. 1 Stem or progenitor cells are generally considered highly promising candidate cells for regenerative applications not only because they possess a high proliferative capacity, the potential to differentiate into other cell types, 2 and important paracrine activity, but also because they can be sourced autologously, eliminating any concerns about rejection or the need for immunosuppressive therapy. [3] [4] [5] [6] [7] [8] [9] Adult adipose tissue is a multifunctional organ that contains various cellular types, including mature adipocytes, macrophages, endothelial cells, smooth muscle cells, and preadipocytes, supported by connective tissue surrounding fine capillaries. This tissue contains progenitor cells with a perivascular origin, 10 called "adipose-derived stem cells," that are able to differentiate in multiple cell lineages. 2 The potential plasticity and therapeutic utility of these cells isolated from adult adipose tissue offer new approaches in regenerative medicine and surgery for tissue and organ function reconstructions. 11 There is evidence that stem cells contribute to the restoration of tissue vascularization and organ function. According to the proposed hypothesis of the ischemic nature of radiolesions (the chronic ischemic status of the irradiated tissue), 7 treatment with lipoaspirate transplantation is potentially extended to other forms of microangiopathies. The mechanisms of neoangiogenesis appear to be based on the release of angiogenic and antiapoptotic growth factors, which ultimately facilitates the recruitment of endothelial progenitor cells into newly sprouting vessels. The stromal vascular fraction (SVF) of adipose tissue represents a rich reservoir of regenerative precursor cells. The phenomena indicating regeneration were the maturation of stem cells into both adipocytes and vascular cells. 12 Adipose tissue has become the autologous filler of choice in plastic, reconstructive, and aesthetic surgery. After fat grafting, there is a progressive improvement of the skin texture, elasticity, and color over a few months. [13] [14] [15] Therefore, adipose tissue seems to be not only a simple filler but also a dynamic filler with two types of different and supplementary effects, the volumetric effect and the regenerative effect. The physiologic mechanisms of these dynamic phenomena are still not completely elucidated. 13 The adipose-derived stem cells have demonstrated their capacity to elicit a regenerative and angiogenic response through autocrine, paracrine, and direct cell-to-cell interactions. Also, there is evidence that the mechanism of repair or regeneration of the overlying skin may be related to stem cells or adipocyte breakdown products within the fat grafts. 1 In a previous study, we showed for the first time the analysis of the histologic and ultrastructural changes of the human aged facial and that the aging process of the skin of the human face can be changed by expanded adiposederived stem cells or fat enriched with its SVF, obtained by centrifugation without an enzymatic process. 15 In this sense, we wanted to assess, if possible, similar results without the use of expanded stem cells that require a cell factory and have their use limited by an ethical committee. Therefore, we replaced the stem cells with platelet-rich plasma (PRP), which is easier to obtain and for which a possible regenerative effect has been already described 16, 17 ; therefore PRP seems to be an ideal compound.
In this study, we confirmed and expanded the results of the previous study 15 in a larger study group and analyzed the histological and ultrastructural changes of aged facial skin after the injection of expanded adipose-derived mesenchymal stem cells and fat with its SVF (SVF-enriched fat), comparing the results with those obtained with the use of fat enriched with PRP. Therefore, the purpose of the research was to evaluate if differences exist in the therapeutic results comparing specimens after treatment with three different protocols. We based the first protocol on the injection of expanded MSCs, whereas we utilized decanted fat with the addition of its SVF (obtained by centrifugation without an enzymatic process) in the second protocol and fat enriched with PRP in the third protocol. The last phase of the study was aimed to evaluate the best approach that could be utilized in the regenerative therapy of the face. A secondary aim of this approach was to determine whether subcutaneous connective tissue may constitute a good experimental model to study the effects in the skin of anti-aging mechanisms.
METHODS

Study Design
The study was executed in 13 adult patients (11 females and 2 males) who were candidates for facial rejuvenation surgery (facelift), with a range between 45 and 65 years of age and no history of chronic viral, metabolic, ischemic, or autoimmune diseases or other systemic pathologies. Patients who reported a smoking habit were excluded. The study period was from May 2012 through May 2015.
All patients consented under approved guidelines set forth by the human clinical trial to the Brazilian investigation ethical committee board. This study was carried out accord- There was a real control group, because before treatment with the three components, we took in each patient a fragment of untreated skin that was compared to similar skin after grafting of the three components.
Sampling of Fat and Skin Biopsies
Under local anesthesia with Xylocaine (lidocaine) 0.5% and epinephrine 1:500,000 U, the patients were subjected to the withdrawal of 30 cc of adipose tissue by liposuction from the infraabdominal region, using a 10 mL syringe (Luer-Lok®; Becton Dickinson) coupled to a liposuction cannula of 3 mm in diameter and 15 cm long containing three distal holes (Tulip®, USA) with a manual vacuum with the first two fingers. The removed fat was processed according to three different protocols.
Part of the fat (10 mL, equivalent to 1286 g), was centrifuged at 3000 rpm for 3 minutes using an IEC Medilite Microcentrifuge, (Thermo Electron Corporation, Byron Medical, Waltham, MA) to obtain two fractions (the adipose fraction and the SVF). 18 After centrifugation, the SVF from pellet, rich in regenerative cells, was isolated by mechanical dissociation without an enzymatic process. The pellet was also sent for quantitative analysis of the mesenchymal cell fraction in pellet samples by flow cytometry (CD105+/CD90+/CD73+/CD146+/CD14/CD45−/CD34−), representing the total number of mesenchymal cells, and showed an average of 16,204 ± 5516 mesenchymal stem cells. The pellet was mixed with another layer of intact adipocytes obtained after decantation, creating an enriched fat (SVF-enriched fat); therefore, the centrifugation was utilized only to obtain the pellet. The SVF-enriched fat was injected in the right preauricular area into the subdermal layer, 2 cm forward from the tragus, as part of bedside treatment in the surgical room. It was performed as retrograde injection in a fan-wise manner, in an area of 1 cm 2 , using a 1.5 mm blunt-tipped cannula connected to a 3-mL syringe.
Another part of the fat (10 mL) was sent to the laboratory to perform expansion of its stem cells. One single passage was necessary to multiply the cells and the immunophenotype analysis before and after the passage was performed. The injection of expanded cells in the left preauricular area, at the level of the tragus, was performed 4 to 5 weeks after in vitro cultivation/expansion. After expansion, the expanded stem cells were diluted in 0.9% saline and packaged in syringes of 1-mL solution containing 2 × 10 6 mesenchymal cells diluted in a volume of 0.4 mL. We performed the subdermal application of mesenchymal stem cells with a 1-mL syringe (volume, 0.4 mL) coupled with a 30-gauge needle, in the left preauricular area (1-cm 2 area), 2 cm distal from the tragus.
The last part of collected fat (10 mL) underwent a decanting process, and the lower layer with blood waste was discarded. Then 1 mL of the middle layer of the adipose fraction was collected and transferred to another 3-mL syringe. This sample was mixed with 1 mL of PRP and injected in the left preauricular area, 2 cm forward from the lobule. The injection was in the subdermal level (1-cm 2 area), using a 1.5 mm blunt-tipped cannula connected to a 3-mL syringe.
Before injection, a fragment of skin and subcutaneous tissue was removed from the preauricular areas and sent to the Section of Human Anatomy and Histology at the University of Verona (Verona, Italy) and the Federal University of Rio de Janeiro (Rio de Janeiro, Brazil) for morphologic analysis by optical and electron microscopy. Histologic analysis of the skin biopsy specimens was performed by hematoxylin and eosin, picrosirius red (for visualization of collagen), and orcein (for visualization of elastic fibers) staining. The morphologic examination was repeated after 3 months, at which time the action of the lipidic components occurs, 7 taking a piece of skin and subcutaneous tissue in the same areas where each kind of treatment was applied. Three months after each treatment, the second biopsy was performed. These biopsies of treated skin were performed at different times, because of the necessity of performing the expansion of mesenchymal stem cells in the laboratory at 4 to 5 weeks. Thus, the right preauricular biopsy (fat and its SVF protocol) and the left preauricular biopsy (fat plus PRP) were performed 4 to 5 weeks before the facelifting operation. The left preauricular biopsy (expanded mesenchymal stem cells) was carried out concurrent with facelifting, to guarantee the same amount of time for the treatment effect of three protocols.
All biopsy specimens, consisting of fragments of skin, were split into two equal parts (0.5 × 0.5 cm). One half was sent in a plastic bottle immersed in 4% formaldehyde to the Institute of Biophysics Carlos Chagas Filho (Laboratory of Immunology, Federal University of Rio de Janeiro) for histologic and immunohistochemical study. The other part (0.5 × 0.5 cm) was sent in a plastic bottle with a solution of buffered 2% glutaraldehyde to the Section of Human Anatomy and Histology of University of Verona, for histomorphometric analysis with electron microscopy.
During the period between the two biopsies, patients were instructed to avoid using any cosmetic products and/ or peeling treatments on their face.
Platelet-Rich Plasma Preparation
Peripheral blood was collected using blood collection tubes containing 0.5 mL 3.2% sodium citrate solution. The PRP preparation procedure consisted of two centrifugation steps. All steps were performed in a refrigerated centrifuge (certified Jouan Br4i, Saint-Herblain, Loire-Atlantique, France). Whole blood was centrifuged at 300 g for 5 minutes at 18 o C. After the first centrifugation, the whole plasma above the buffy coat was collected, separating platelets from red blood cells and leukocytes (PRP1). PRP1 was centrifuged at 700 g during 17 minutes at 18 o C. After the second centrifugation step, the platelet pellet was suspended in 300 μL of platelet-poor plasma (PPP; new fraction named PRP2). Platelet activation was performed adding 20 mm CaCl 2 (PRP2-Ca) and 25 IU/mL human plasma thrombin (PRP2-Thr, Ref: T6884; Sigma-Aldrich, St. Louis, MO), incubating at 37°C for 1 hour and at 4°C for 16 hours. To recover the activated PRP2, all of the treated samples were centrifuged at 3000 × g for 20 minutes at 18°C. All samples were stored at -80°C.
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In our current study, the preparation of the PRP was optimized, maximizing platelet recovery and the yield after the two centrifugation steps. We recovered 46.9% to 69.5% of the total initial platelets, and the procedure resulted in a 5.4-fold to 7.3-fold increase in platelet concentration (1.4-1.9 × 106 platelets/μL). We concentrated platelets reaching a baseline of 1 million platelets /μL and finally recovered at least 50% of the initial platelet amount that was higher than what was reported for commercial PRP kits. 20, 21 Platelets are highly purified; only less than 0.10% and 1.90% from the initial red blood cells and leukocytes, respectively, were present in the final PRP preparation. 19 
Transmission Electron Microscopy (TEM)
Different samples were fixed with glutaraldehyde 2% in a Sorensen buffer pH 7.4 for 2 h, post-fixed in 1% osmium tetroxide in an aqueous solution for 2 h, dehydrated in graded concentrations of acetone, embedded in Epon-Araldite and cut with an Ultracut E Ultra-microtome (Reichert, Wien, Austria). At the end of dehydrating process, samples were positioned in a multi-well grid for electron microscopy and observed using a TEM Morgagni 268D (FEI Philips).
Scanning Electron Microscopy (SEM)
Specimens were fixed with glutaraldehyde 2% in 0.1 m PB, dehydrated in graded ethanol, critical point dryer (CPD 030, Balzers, Vaduz, Liechtenstein), fixed to stubs with carbonbased adhesive, sputtered with carbon or with gold by a MED 010 coater (Balzers) and examined with an XL30 ESEM (FEI Philips) scanning electron microscope (FEI Company, Eindhoven, Netherlands).
RESULTS
The study was executed in 13 adult patients ( 
In a previous study, we described treatment with expanded adipose-derived stem cells and fat with its SVF (SVF-enriched fat obtained by centrifugation) modifying the pattern of collagen and elastic fibers in the dermis with a skin rejuvenation effect. 15 In our current study, we have confirmed and expanded the results of our previous study in a larger study group and analyzed the histological and ultrastructural changes of aged facial skin after the injection of expanded adipose-derived stem cells and SVF-enriched fat, comparing the results with those obtained with the use of fat enriched with PRP.
The treatment with adipose tissue plus PRP also induced modifications in the papillary dermis, in the reticular dermis, and at the dermoepidermal junction (Figures 1-7) .
In the papillary dermis, before the treatment, oxytalan and elastic fibers were generally scarce and the treatment resulted in an increase of the oxytalan elastic network that was visible by orcein stain. When observed at TEM, some new elastic fibers were of small diameter and formed an irregular network below the dermoepidermal junction.
In the reticular dermis, before the treatment, a moderate degree of elastosis was found. By orcein stain, a dense and disorganized network of elastic fibers that sometimes formed compact blocks, was visible. At ultrastructural examination, the reticular dermis showed irregularly dispersed elastic fibers generally of large diameter enmeshed in a network of thin collagen fibers. In the deepest portion of the reticular derma, the collagen component was also organized in large-diameter bundles composed of strictly packed fibers. After treatment with fat graft and PRP, the reticular dermis showed a decrease in the elastic fiber network. The ultrastructural examination showed a modified 3-dimensional architecture of the reticular dermis in which the elastic fibers, with respect to the pretreatment specimens of the same patient, appeared with a At the dermoepidermal junction, before the treatment, the adipocytes located at the boundary of the dermis and the subcutaneous tissue, were organized in lobules, which were often vertically directed toward the surface of the skin. These lobules formed adiposae papillae, in which a vascular peduncle was often seen. In their apical portion, the papillae often showed a relationship with sebaceous or sweat glands. At this level, the adipocytes were covered by a dense basket of collagen strictly adherent to their plasma membrane.
After treatment with adipose tissue and PRP, in the reticular dermis and dermoepidermal junction, perivascular areas with mononuclear cell infiltration and edema were visible. Accumulation of electrondense material in the form of irregular masses was also detected. These areas showed blood capillaries and arterioles surrounded by edematous areas and mononuclear infiltrates. Often the blood vessels were surrounded by reduplicated and fragmented layers of basal lamina. These vessels were often in relationship with small nerve fibers. In some of the patients before the treatment, infiltrate composed of mononuclear cells was also present around the vessels and glands, but these features appeared more evident after the application of the adipose tissue enriched with PRP.
DISCUSSION
Data about the regeneration of the skin are scarce. More human studies are necessary in this area, because animal models are not useful given the long life of human beings and the peculiarities of their skin with less hair.
In a previous study, we showed for the first time that the aging process of the skin of the human face can be changed by expanded adipose-derived stem cells or fat enriched with its SVF, obtained by centrifugation without an enzymatic process. 15 This study showed in particular that, as the largest event of skin aging, elastosis in the reticular dermis can be reduced simultaneously with the increase of new elastic fibers formed in the papillary dermis. To take these results into consideration in the first study, we utilized an advanced protocol that integrated histological, immunohistochemical, and ultrastructural analysis. Although we achieved an excellent result in that study, it is evident that it would be important to optimize the surgical procedures to make them more secure and effective, and to apply them to a high percentage of patients. The use of fat grafts in the face has been reported to show an improvement in skin quality on its macroscopic appearance, such as an improvement in skin hydration. 5, 13 In this sense, we wished to assess, if possible, similar results without the use of expanded stem cells that require a cell factory and have their use limited by an ethical committee. We therefore replaced the stem cells with PRP, which is easier to obtain and for which a possible regenerative effect has been already described, 16, 17 even though those results were empirical before now. Furthermore, in the previous study, we observed an important aspect of regeneration: the ability to produce new blood vessels in the deep part of the reticular dermis and the dermal-epidermal junction. PRP was described as having an angiogenic action, increasing fat graft survival by providing nutrient support from its plasma component, enhancing the proliferation of preadipocytes and adipose mesenchymal stem cells 22, 23 ; therefore, PRP seems to be an ideal compound for this purpose.
Fat has also been utilized in combination with plateletenriched autologous plasma (PRP), considering that PRP is rich in growth factors and cytokines. In recent years, topical and injectable growth factors and cytokines have emerged as intriguing therapeutic modalities, with burgeoning interest in their potential to serve as actives for skin rejuvenation. 16 PRP is developed from autologous blood and consists of a volume of autologous plasma with a platelet concentration above the baseline; therefore, an increased concentration of platelet growth factors is also present. Platelets are enucleated circulating blood particles that derive from the fragmentation of megakaryocytes. They circulate in an inactivate state until they come into contact with endothelia damage areas. Platelets work through the degranulation of the α-granules in platelets, which contain the synthesized and prepacked growth factors. The most potent platelets to restore damaged tissues are platelet-derived growth factor (PDGF), transforming growth factor beta (TGF-beta), insulin growth factor (IGF), vascular endothelial growth factor (VEGF), and endothelial growth factor (EGF). The synthesized growth factors are directly bound to the surface of the cell membrane to stimulate haemostasis and normal healing. They induce internal cellular signaling that activates angiogenesis, cell proliferation, cell differentiation, and new matrix formation for tissue repair. Platelets are also a natural reservoir of growth factors that could be utilized to regenerate tissues. For this reason, PRP is assumed to have a high potential of healing; however, there is a paucity of data to support or oppose the use of PRP in fat graft surgery. 17 Cervelli et al 24 studied the effect of PRP on adiposederived stem cells and found that PRP alone did not increase the adipogenesis of adipose-derived mesenchymal stem cells. Craft et al 25 showed increased fat graft survival in nude mice by the effect of long-term delivery of PDGF by microspheres. Gentile et al 16 demonstrated that PRP could yield similar volume maintenance of fat graft as SVF, by 69% and 63%, respectively. In addition, the PDGF exhibits controversial roles on adipogenesis. Although most growth factors do not favor adipogenesis, most of them indeed stimulate angiogenesis. 22 The results of this study seem to largely confirm those of our previous analysis, 15 in optical and electron microscopy, showing the same pattern on the development of collagen and elastic fibers in the skin after the injection of adipose tissue enriched with PRP, compared with controls treated with only expanded adipose-derived stem cells or SVFenriched fat. Considering the three kinds of treatments, the presence of fat's components, as the adipose-derived stem cells, is a common factor in all of these. This fact could justify the similarity in the pattern of results; however, the use of PRP has not proved able to change the structure of the elastic component of the skin better than the previous experimental paradigm.
The use of PRP led to the presence of more pronounced inflammatory infiltrates and a greater vascular reactivity shown by the presence of vascular reduplication of the basal membrane, which indicated an increase in vascular permeability through its wall. It seems that there was also a certain reactivity of the nervous component. The vessels were often in relationship with small nerve fibers. This effect of increased vascular reactivity and the nervous component may be useful in some pathological situations in which an intense angiogenesis is desirable, such as in situations of tissue ischemia. Overall it does not seem that the use of PRP may have significant advantages in terms of rejuvenation over the use of fat enriched with its SVF, obtained by centrifugation without an enzymatic process, or expanded adipose-derived stem cells.
As a tool for tissue engineering, PRP could utilize the full potential of the platelet concentrate as a stimulating culture medium, as a biological binder, and as a supporting scaffold for cells. The concept is to build in vitro an engineered tissue using mesenchymal stems cells growing in a platelet gel, with the fibrin scaffold serving as the physical support of the graft, without any additional solid material. However, several authors have also noticed that the best results were always obtained when the platelet gel was reinforced with fibrin glue. As tissue engineering applications, the platelets and growth factors alone are not sufficient. 26 A major limitation of this study is the absence of a precise quantification of the changes induced by the various treatments. This is primarily because of the inherent limitations of the ultrastructural histological investigations. Particularly for the latter, this refers to the lack of extension of the examined areas that make examinations necessarily more qualitative than quantitative. However, we must also consider the interindividual variability of the patients examined that is linked to different modifying factors, such as exposure to the sun. However, the use of investigative techniques and multiple comparisons to previous studies conducted with similar methods and samples helps to analyze the results in detail and allows identifying with sufficient certainty what is the target of this kind of tissue treatment. Other limitations of this study are the use of a unique ratio between the volume of fat and PRP (1:1) on the skin to observe the regenerative effect and the absence of randomized, double-blinded control studies to provide powerful evidence-based support. Future proposals in combining therapies for skin regeneration should be conducted to determine the effective ratio between the biomaterials utilized to specifically aim for different cutaneous conditions.
CONCLUSION
The treatment with adipose tissue plus PRP (1:1) induced modifications in the papillary dermis, in the reticular dermis, and at the dermoepidermal junction, probably because of the presence of the fat component. The addition of PRP did not have significant advantages in terms of regeneration over the use of expanded adipose-derived stem cells or SVF-enriched fat in skin rejuvenation. The use of PRP led to the presence of more pronounced inflammatory infiltrates and increased vascular and nervous component reactivity. These may be useful in pathological situations in which an intense angiogenesis is desirable, such as tissular ischemia, or for nervous repair. However, the inflammation is an unfavorable event in normal tissular physiology. Based on the results of this study, an agent that causes inflammation could be not indicated in a procedure utilized to obtain skin rejuvenation.
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